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ABSTRACT 
Research was conducted to investigate the effects of spraying sewage 
effluent on hardwood forested land at Sugarloaf Mountain, Maine. Soil, 
organic matter, tree foliage, groundwater, and effluent samples were col-
lected in 1978 and 1979. Soil samples were taken at two depths, 0-20 em 
and 20-40 em. The entire organic pad was removed as a single sample, 
with no separation of the 0 1 and 0 2 layers. Sugar maple (Acer sac-
charum Marsh.} foliage was sampled periodically for nutrient levels. 
Groundwater sampling was accomplished with a total of 28 suction 
lysimeters placed at depths of 30 or 64 em. 
Results indicate significant increases, following spraying, in the con-
centrations of exchangeable cations (calcium, magnesium, potassium, 
and sodium) in the organic pad and in the upper 20 em of soil. Sprayed 
soils and organic matter showed significant increases in pH, in available 
phosphorus, and in the percentage of base saturation levels. Total cal-
cium, magnesium, sodium, phosphorus, and manganese levels were signif-
icantly increased in the organic pad as a result of spraying. Total 
nitrogen, ammonium-nitrogen, and nitrate-nitrogen levels indicated no 
differences among treatment groups for both soil and organic pad 
samples. The C:N ratio in the organic pad was numerically decreased 
because of spraying, indicating a slight increase in the decomposition 
rate of organic matter; this loss, however, did not change the percentage 
of organic matter in the soil. Sprayed sugar maple foliage showed signifi-
cant increases in the percentage of nitrogen, calcium, magnesium, and 
phosphorus, but a significant decrease in the percentage of manganese. 
The percentage of removal of the elements in the effluent ranged 
from 48.4 percent for sodium to 98.1 percent for phosphorus. Nitrate-
nitrogen removal was 68 .1 percent, with the average level measured in 
the groundwater from sprayed areas being 2.30 mg/ 1. Lateral movement 
of all elements from the spray area was detected. Overall, the disposal 
system appears to be working quite well, with the plants and soil remov-
ing between 48 and 98 percent of the applied nutrients. 
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INTRODUCTION 
The disposal of sewage effluent is a problem faced by many cities, 
towns, and recreational areas. The discharge of wastewater into streams, 
lakes, and oceans is causing pollution problems. Many water bodies can 
no longer dilute the nutrients in the effluent sufficiently to prevent their 
cultural eutrophication and biological degradation. To solve these prob-
lems in some instances, tertiary treatment of wastewater is being ac-
complished by spraying sewage effluent on forested areas. 
Many studies have looked at the ability of forests to remove nutri-
ents from percolating sewage effluent (e.g., 6, 7, 10, 13, 16, 17, 18, 19, 
21, 28, 30, 32, 33, 34, 36, and 37). These studies seem to indicate that 
mature forests have the ability to remove most of the elements from the 
effluent before they reach the groundwater. However, nitrate-nitrogen 
leaching has been found to be a significant problem, with concentrations 
often greater than the USEPA drinking water standard of 10 mg/ 1 being 
detected in groundwater. This usually occurs at application rates of ef-
fluent greater than 2.5 em/week (13). For other elements in the effluent, 
including phosphorus, plant and soil systems have an adequate removal 
capacity. Since nitrate-nitrogen could contaminate the groundwater of 
effluent application sites, more studies are needed to look at disposal sys-
tems in mature ecosystems. 
At Sugarloaf Mountain, a ski-recreational complex in western 
Maine, spray irrigation of sewage effluent has been practiced since 1974 
on a hardwood forested area. A study was conducted in 1978 and 1979 to 
investigate the effects that spraying has had on the soil, organic pad, 
'Contribution from the School of Forest Resources and the Department of Plant and Soil 
Sciences, University of Maine at Orono, Orono, ME 04469. This project was supported by 
Mcintire-Stennis Funds. 
'Graduate Research Assistant, School of Forest Resources, and Professor of Soils and 
Forest Soils, Department of Plant and Soil Sciences, respectively, University of Maine at 
Orono, Orono, ME 04469. 
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vegetation, and groundwater of the area. Samples were taken from 
sprayed and unsprayed sites throughout the site. This report summarizes 
the study and reviews the major findings and conclusions. 
DESCRIPTION OF STUDY AREA 
Sugarloaf Mountain is located in western Maine in the Town of Car-
rabasset Valley, Franklin County. The mountain is a member of the 
Longfellow Mountain Range and rises to an elevation of 1291 meters. 
The spray site is located on a 7.38 hectare plot at the mountain's base at 
an average elevation of 442 meters. Total change in elevation from the 
top of the spray area to the bottom is 15 meters. _ 
The vegetation covering the spray area is a mixed-hardwood forest 
with a few scattered conifers. Overstory hardwoods and conifers include 
sugar maple (Acer saccharum Marsh.), red maple (A. rubrum L.), quak-
ing aspen (Populus tremuloides Michx.), American beech (Fagus grand-
ifolia Ehrh.), yellow birch (Betula allegheniensis Britton), paper birch 
(B. papyrifera Marsh.), balsam fir (Abies balsamea (L.) Mill.), and red 
spruce (Picea rubens Sarg.). The birches are overmature and decaying 
while the other species are intermediate in age. There are many wind-
thrown trees in both sprayed and unsprayed areas; the blow downs are 
mostly aspens. Raspberries are very dense in the opening created by these 
blow downs. 
The mountain area has been extensively shaped by glaciers and packed 
basal till covers most of the terrain. The spray area is comprised of a 
Peru-Marlow soil complex. These soils are classified as spodosols, and 
have formed in compact, loamy glacial till. Both soils are deep and have 
a restrictive, slowly permeable substratum (31). This substratum, which 
starts at depths of 41 to 91 em, causes lateral movement of percolating 
groundwater. The Peru series is a member of the coarse-loamy, mixed, 
frigid, Family of Aquic Fragiorthods. These soils are moderately well 
drained to somewhat poorly drained. The Marlow series is a member of 
the coarse-loamy, mixed, frigid, Family of Typic Fragiorthods. Marlow 
soils are well drained. 
The spray system consists of 2 lagoons, a pumphouse, a contact 
chlorinator, a 20 em diameter PVC trunk line, a 13 em diameter trunk 
line, 5.08 and 2.54 em diameter PVC laterals, and seventy Rainbird series 
74 sprinkler heads. The system sprays an average of 42 million liters per 
year, usually from late May to October, on approximately 3.6 hectares of 
land. Secondary sewage treatment is provided by the 2 lagoon system. 
The larger lagoon receives raw sewage from the ski complex further up 
the mountain. In the lagoon the sewage is aerated by a forced air system 
and exposed to sunlight. After treatment it is transferred to the smaller 
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lagoon where it is ready to be pumped out to the forest. Chlorination is 
usually done only in the spring, after the sewage has been under ice all 
winter. The sewage effluent is pumped approximately 518 meters to the 
spray area in the 20 em trunk line. There it splits into 13 em trunk lines. 
Laterals branch off from the trunk lines at varying intervals. The laterals 
range in length from 41 to 202 meters. On the laterals, spaced 24 to 27 
meters apart, are the sprinkler heads, which are mounted on 46 em risers. 
At 45 psi pressure, with a 3.57 mm orifice, these sprinklers spray an area 
24 to 27 meters in diameter. Patterns of adjacent sprinklers sometimes 
overlap, however, most of them do not. Calculations have established 
that the effluent being sprayed is equivalent to 112 em/ year of rainfall . 
Approximately 56.0 mm/week are sprayed over a 20-week spray period. 
Records of the system for 1979 show a high application of 102.6 mm/ week 
and a low of 20 mm/week. The system is often allowed to run 2 or 3 days 
without stopping. 
SAMPLING PROCEDURE 
Samples of soil and organic matter were taken in August of 1978 
and June of 1979. The sampling sites were divided into three groups : 
sprayed, near-sprayed, and unsprayed . The sprayed samples were taken 
from inside the spray irrigation circles, the near-sprayed samples from 
between these circles, and the unsprayed samples far enough away so 
that they represented a truly unsprayed area. Samples were taken from 
the organic pad, the 0-20 em depth of mineral soil , and the 20-40 em 
depth of mineral soil. Soil samples were dried at 65°C for five days, and 
then put through a 2 mm sieve . In 1979, subsamples were taken in the 
field and frozen for later analysis. 
Foliage samples were taken from sugar maple trees in May, July, 
and September of 1979 from the sprayed and unsprayed soil sampling 
sites. Five trees were selected at each site with at least part of the crown 
of each tree receiving direct sunlight. The samples were dried at 65°C for 
48 hours and then ground in a Wiley Mill with a 20 mesh screen. 
Groundwater sampling was accomplished with 28 suction lysimeters 
at two depths; fourteen at 30 em and fourteen at 64 em. The porous cup 
lysimeters were evacuated to 0.7 atm and were sampled 24 hours later. 
All samples were immediately refrigerated and analyzed in the laboratory 
within 24 hours . Samples were taken seven times between June and Oc-
tober of 1979. 
Effluent samples were taken from either the smaller lagoon or from 
a small break in the trunk line. All samples were immediately refrig-
erated. Samples were taken in August of 1978 and during the period of 
June to August of 1979. 
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LABORATORY PROCEDURES 
All soil samples were analyzed for pH; exchangeable Ca, Mg, Na, 
K, and Mn; percentage of organic matter; available P; exchange acidity; 
and total N. Organic pad samples were analyzed for total N, C, P, Na, 
K, Ca, Mg, and Mn; pH; exchange acidity; and exchangeable Na, K, Ca, 
Mg, and Mn. The pH of the organic matte'r and of the soils was mea-
sured by the glass electrode method (5: 1 and 1: 1 dilutions respectively 
with distilled water) . Percentage of organic matter in soils was determined 
by dry combustion in a muffle furnace at 700°C for 2 hours. Soil and 
organic matter samples were extracted with 1 N_ NH.OAc buffered at pH 
7.0 (8) . Cations were determined in the extracts by atomic absorption 
spectrophotometry. Available P was extracted with a 0.03 N_ NH.F + 
0.025 N_ HCl solution (3) and P in the extract was determined col-
orimetrically (22). Exchange acidity was determined by the barium 
chloride-triethanolamine method (27). Total N was measured by micro-
Kjeldahl digestion and distillation for both soils and organic matter (4). 
Organic pad samples were ashed for 8 hours at 450°C starting with a cool 
muffle furnace to determine total elements (29). Ammonium-nitrogen 
and nitrate-nitrogen were extracted from wet samples with 2 N_ KCl and 
steam distilled (4). Total C in the organic matter was determined using a 
carbon train (1). 
Foliage samples were digested with nitric and perchloric acids (20) 
and Ca, Mg, and K determined by atomic absorption. Phosphorus was 
measured colorimetrically (22). Total N was determined by micro-
Kjeldahl techniques (4). Sodium was determined after dry ashing at 
450°C for 8 hours by atomic absorption (29). 
Lysimeter and effluent samples were kept refrigerated until analyzed. 
Magnesium, Ca, K, and Na were determined by atomic absorption; ortho-
phosphate-P colorimetrically; NH.-N and N03-N by specific-ion elec-
trodes (23); total N by micro-Kjeldahl methods (35); and pH by the glass 
electrode method. The chemical composition of the sewage effluent ap-
plied to the forest in both 1978 and 1979 is shown in Table I. 
Soil, organic matter, and foliage data were statistically analyzed using 
analysis of variance by the F test and Duncan's New Multiple Range Test 
techniques. A completely randomi,zed block model was used with 3 treat-
ments for the soils and organic matter (sprayed, near-sprayed, and un-
sprayed) and 2 treatments for the foliage (sprayed and unsprayed). Un-
paired t-tests were used to analyze the lysimeter data for differences 
among means of all -elements in sprayed, near-sprayed, and unsprayed 
areas. Paired t-tests were used to examine differences between the 2 depths 
of lysimeters. 
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Table 1 
CHEMICAL COMPOSITION OF THE SEW AGE EFFLUENT APPLIED TO THE SPRAY AREA 

























RESULTS AND DISCUSSION 












Many differences, in the chemical parameters measured, were found 
among sprayed, near-sprayed, and unsprayed groups in the ~oils and or-
ganic matter of the effluent disposal area. The near-sprayed group was 
used to detect any lateral movement of the effluent in the upper horizons 
of the soil and through the organic pad. 
Ammonium-nitrogen, nitrate-nitrogen, and total nitrogen levels 
showed no differences between any group in either the organic matter or 
soils samples (Tables 2 and 3) . This indicates that the soil and organic 
pad are not removing the nitrogen, in whatever form, from the per-
colating effluent. Apparently, the only way nitrogen can be removed 
from the system is by plant uptake. Any nitrogen in excess of plant up-
take will leach into the groundwater of the area. Other researchers have 
come to this conclusion for mature hardwood (13, 6, 36, 10). 
The pH of the soil and of the organic matter in sprayed groups in-
creased as a result of the effluent application (Tables 2 and 3). The most 
dramatic increase in pH occurred in the organic pad, where there was a 
difference of over one pH unit between sprayed and unsprayed groups. 
This increase in pH was detected only in the sprayed group, with the 
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near-sprayed group showing some small numerical increases. The in-
crease in base saturation and the decrease in exchange acidity caused the 
increase in pH (Tables 2 and 3). Base saturation is highly correlated with 
pH (2). Increases in pH as a result of effluent spraying have been re-
ported by other researchers (36, 9). 
Available phosphorus concentrations in the sprayed group were greater 
in the organic pad and the 0-20 em soil samples when compared with the 
near-sprayed and unsprayed groups (Tables 2 and 3). There were no dif-
ferences noted in the 20-40 em soil samples (Table 2), indicating no 
phosphorus movement below 20 em. The soil system was very effective in 
removing phosphorus from the effluent, an observation made by other 
researchers (19, 30, 36, 32). 
The C:N ratio in the organic pad showed a numerical decrease from 
unsprayed to sprayed groups (Table 4). There was no difference among 
groups in the percentage of organic matter in the soil, at either sample 
depth (Table 2). 
Together these data suggest that the decomposition rate of the 
organic pad increased slightly as a result of spraying, however, this 
breakdown has not changed the percentage of organic matter in these 
soils. 
The levels of exchangeable calcium, magnesium, potassium, so-
dium, and manganese in the soil and in the organic matter showed either 
numerical or significant increases for each element when comparing 
sprayed groups with near-sprayed and unsprayed groups (Tables 2 and 
3). These increases held for both the 0-20 em and 20-40 em depth soil 
samples. The numerical increases in the 20-40 em samples were very 
small. This increase in cations probably resulted from mass action as the 
effluent percolated through the organic pad and soil. There does appear 
to be some lateral movement of these cations as is evidenced by the 
higher cation levels in near-sprayed groups when compared to un-
sprayed. Similar results have been reported by several other people (19, 
12, 36). 
Total sodium, calcium, magnesium, manganese, phosphorus, and 
copper in the organic pad showed significant increases in the sprayed 
group when compared to the near-sprayed or unsprayed groups (Table 
4). 
These increases were most likely a result of two factors: the first being 
the increase in exchangeable forms of these elements, and the nutrient 
cycling through the vegetation being the second. Leaf-fall over the six 
years of spraying probably caused an increase in the organic pad nutrient 
levels because of the higher levels of nutrients in the sprayed trees. 
Potassium was significantly decreased in the sprayed group when com-
pared with the unsprayed group (Table 4). This may have occurred 
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because of the increase in tree growth which caused an increased removal 
of nitrogen. Potassium removal increased with the amount of nitrogen 
removed. If there is not enough potassium in the effluent in proportion 
to nitrogen, a potassium deficiency may occur in the soil. This has been 
suggested by Palazzo and Jenkins (1979), where they found that the 
potassium application should be adjusted to 90 percent of the amount of 
nitrogen expected to be removed by the vegetation. 
Based on the data collected in this study it appears that the organic 
pad is removing a majority of the nutrients from the effluent because of 
its high cation exchange capacity in comparison with that of the soil. The 
0-20 em depth of soil is also removing some nutrients while the 20-40 em 
depth of soil is removing very little. No other research has reported on 
the role of the organic pad in removing nutrients. Maintenance of the 
organic pad is essential for operation of this spray system. 
Table 2 
ANALYSES OF SOILS COLLECTED IN 1978 AND 1979 FROM 0-20 CM 
AND 20-40 CM DEPTHS. 
Base 
NO,-N NH,-N Total N Mn p Ca Mg K Na O.M. Sat. pH 
mg/kg --- meq/ lOOg --- -%-
1978 
0-20 em 
Unsp N.D. N.D. 2020a* N.D. 6.06b .84b .20b .12b . lib 11 .27a 4.2a 4.72b 
N-sp N.D. N.D. 2210a N.D. 5.4lb .83a .2 lb .15a .12ab 13.27a 4.3a 4.9lab 
Sp N.D. N.D. 2200a N.D. 7.82a 1.20a .3la .18a .18a 12.57a 6.2a 5.08a 
1979 
0-20 em 
Unsp .83a 3.94a 2210a 2.32a 2.80a .68b .17b .07a .06b 14.42a 2.8b 4.86a 
N-sp .93a 4.12a 2080a 2.80a 4. lla .72b .20b .07a . llab 12.90a 3.3b 4.84a 
Sp .98a 3.66a 2120a 3.12a 4.54a 1.4la .63a .lOa . 13a 12.03a 7.2a 5.05a 
20-40 em 
Unsp N.D. N.D. 1580a 1.70a 3.56a .48a .08a .05a .08a 11.04a 2.4a 5.07a 
N-sp N.D. N.D. 1820a 2.20a 2.95a .4la .08a .06a .08a 12.5la 2.la 5.10a 
Sp N.D. N.D. 1600a 1.70a 3.00a .51 a .lla .07a . lOa 11.28a 2.7a 5.24a 
*For each column within a given year and soil depth, values followed by the same letter(s) 
are not significantly different at the 5 percent level using Duncan's New Multiple Range 
Test. 
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Table 3 
ANALYSES OF EXCHANGEABLE ELEMENTS, AVAILABLE PHOSPHORUS, pH, AND 
BASE SATURATION IN ORGANIC PAD SAMPLES COLLECTED IN 1978 AND 1979. 
Base 
NO,-N NH,-N p Mn Ca Mg K Na Sat. pH 
mg/kg meq/IOOg O?o 
1978 
Unsp N.D. N.D. 200c· 176b 13.16b 2.45b .96b .55b 17.3b 4.39b 
N-sp N.D. N.D. 288b 199b 17.47b 3.11b 1.18b .52b 20.6b 4.32b 
Sp N.D. N.D. 381a 675a 29.69a 4.90a 1.48a 1.43a 33.1a 4.98a 
1979 
Unsp 5.4a 9.6a 204a 216a 11.85b 2.59b 1.29a .3lb 15.5b 4.29a 
N-sp 3.6a 18.4a 338a 208a 24.50ab 3.95ab 1.40a .50b 24.8b 4.38a 
Sp 5.4a 18.4a 312a 340a 33.84a 5.27a l.Ola .9la 39.9a 5.37a 
•For each column within a given year, values followed by the same letter(s) are not 
significantly different at the 5 percent level using Duncan's New Multiple Range Test. 





ANALYSES OF TOTAL ELEMENTS IN ORGANIC PAD SAMPLES 
COLLECTED IN 1978 AND 1979. 
Ca Mg K Na p Mn c N C:N 
mg/kg -- O?o 
1978 
Unsp 3568b• 688b 658a 130b 977ab 388b 34.81a 1.28a 27.71a 
N-sp 4915b 672b 625a 109b 902b 370b 39.16a 1.54a 25.67a 
Sp 8923a 1058a 596a 412a 1312a 1510a 39.43a 1.59a 23.12a 
1979 
Unsp 3859b 716a 781a 91b 858a 464a 36.89a 1.41a 25.56a 
N-sp 5688b 709a 712ab 126b 941a 484a 39.94a 1.66a 23.95a 
Sp 9781a IOOOa 659b 206a 896a 1065a 36.22a 1.50a 23.86a 
•For each column within a given year, values followed by the same letter(s) are not 
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Foliage 
The analysis of sugar maple foliage indicated that this tree species 
has the ability to remove nutrients from the effluent as it percolates 
through the soil or after the nutrients are adsorbed on soil colloids. The 
percentages of nitrogen, calcium, magnesium, and phosphorus in the fo-
liage were significantly greater in the sprayed group than in the un-
sprayed group for all sampling dates (Table 5). Potassium in the foliage 
was numerically greater at all sampling periods (Table 5). Manganese 
was consistently lower in the sprayed group than in the unsprayed group 
(Table 5). This is probably a result of the higher pH in the soil and 
organic pad causing a decrease in manganese solubility, and thereby 
resulting in less plant uptake. Sodium was numerically greater in the 
sprayed group than in the unsprayed group for both the fall sampling 
dates (Table 5). Kardos et al. (1974) reported similar results for all of 
these elements. 
Table 5 
TOTAL ELEMENTS IN SUGAR MAPLE (ACER SACCHARUM MARSH.) FOLIAGE FOR 
ALL SAMPLING DATES IN 1979. 
N Ca Mg K p Mn Na 
D?o mg/ kg 
May 
Unsp 2.49b* .52a .26b .57b .23b .06a 115a 
Sp 3.12a .55a .31a .65a .28a .04a 67a 
July 
Unsp 1.95b .96b .16b .76a .13b .lla 82a 
Sp 2.37a 1.31a .23a .83a .20a .08a 62a 
Sept. 
Unsp 1.86b .99b .13b .76a .13b .!Ia 52a 
Sp 2.23a 1.28a .21a .81a .20a .08b 122a 
*For each column within a given sampling date, values followed by the same letter(s) are 
not significantly different at the 5 percent level using Duncan's New Multiple Range Test. 
Unsp. Unsprayed. 
Sp. Sprayed. 
As a result of the nutrient uptake and increased vegetative growth 
the forest vegetation is at least temporarily contributing to the purifica-
tion of the percolating effluent. But Kardos et al. (1974) reported that the 
ultimate contribution is difficult to estimate because of the amount of 
annual storage of nutrients in woody tissue and the extent of recycling of 
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nutrients in the forest litter. Even though considerable amounts of 
nutrients may be taken up by trees during the growing season, many of 
the nutrients are redeposited annually in the leaf litter rather than being 
hauled away, as in the case of harvested agronomic crops (18). 
Groundwater 
The groundwater in the study area was sampled by suction ly-
simeters arranged in three groups: sprayed, near-sprayed, and un-
sprayed. The lysimeters were located inside a spray circle; within 10.7 
meters of a spray edge; and greater than 10.7 meters from a spray edge. 
Data from the lysimeters present a good indication of what is hap-
pening to the effluent as it is moving through the plant and soil system. 
Table 6 shows that there was little change in an element's concentration 
at the shallow depth (30 em) or the deep depth (64 em)'. This could occur 
because the roots of the trees in all areas penetrated to approximately the 
depth of the shallow lysimeters, and because the soil below this depth did 
not remove much of the remaining nutrients. 
Table 6 
TEST FOR DIFFERENCES BETWEEN SHALLOW AND DEEP L YSIMETER SAMPLES FOR 
THE MEANS OF ALL ELEMENTS. (N = 14) 
Unsprayed Near-sprayed Sprayed 
Element Shallow Deep t-value Shallow Deep t-value Shallow Deep t-value 
pH 5.93 5.90 .26 5.63 5.61 .22 6.24 6.22. .16 
-mg/1-- -mg/ 1- - mg/1-
NO,-N .93 .75 1.15 4.56 3.50 2.48* 2.88 2:61 .70 
NH.-N .16 .21 1.30 .24 .20 .50 .36 .38 .20 
Ca 2. 10 2.28 .79 2.49 2.85 1.62 3.66 4.52 1.97 
Mg .54 .51 .62 1.14 1.05 .54 .92 1.13 2.28* 
Na 3.75 3.24 .66 9.58 10.27 .61 7.87 8.87 1.98 
K .60 .52 .37 1.10 .98 1.08 1.94 1.30 2.18* 
p 
.025 .015 .71 .005 .003 1.91 .023 .044 1.64 
*Significant at the 5 percent level. 
Table 7 shows that the levels of all elements are signifcantly greater in 
samples taken from lysimeters in sprayed areas when compared to samples 
taken from unsprayed. Samples from near-sprayed lysimeters also have 
greater concentrations of all elements than unsprayed samples (Table 8), 
and are almost the same as sprayed. This means that all of the elements 
in the effluent are leaching through the soil at least to some degree, and 
that there is some lateral movement of these elements to the surrounding 
soil and groundwater at shallow depths. 
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The percentage of the elements removed is presented in Table 9. Phos-
phorus showed the greatest change with 98.1 percent removal. This 
agrees with other studies which have reported approximately this same 
percentage (7, 11, 13, 14, 15, 18, 25, 34, 36). 
Nitrate-nitrogen removal was 68.5 percent, a substantial removal 
when compared with other studies. This may be due to the low level of 
nitrate-nitrogen in the effluent and the low concentration of other 
nitrogen forms. The average concentration of nitrate-nitrogen found in 
Table 7 
TEST FOR DIFFERENCES BETWEEN SPRAYED AND UNSPRAYED L YSIMETER SAMPLES 
FOR THE MEANS OF ALL ELEMENTS. (N = 9) 
Element Sprayed Unsprayed Calculated 
t-value 
pH 6.17 5.92 3.53** 
mg/ 1 
NO,-N 2.53 .80 5.58** 
NH.-N .46 .18 2.59* 
Ca 4.26 1.96 7.87•• 
Mg 1.06 .53 7.69•• 
Na 9.23 3.39 6.19** 
K 1.61 .56 5.77•• 
p 
.032 .016 2.21* 
(*), (**)Significant at the 5 and I percent levels respectively. 
Table 8 
TEST FOR DIFFERENCES BETWEEN NEAR-SPRAYED AND UNSPRAYED L YSIMETER 
SAMPLES FOR THE MEANS OF ALL ELEMENTS. (N = 9) 
Element Near-Sprayed Unsprayed Calculated 
t-value 
pH 5.66 5.92 2.90•• 
mg/ 1 
N03-N 3.46 .80 4.21** 
NH.-N .20 .18 .84 
Ca 2.68 1.96 3.44•• 
Mg .99 .53 4.69** 
Na 10.34 3.39 7.5o•• 
K 1.11 .56 3.97** 
p 
.015 .016 .09 
••significant at the 1 percent level. 
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Table 9 
PERCENT REMOVAL OF ALL ELEMENTS FOR 1979. 



















Mg 2.92 1.14 
Na 19.9 10.27 
K 6.53 1.20 
p 2.22 .041 
*Average concentration in effluent. 
**Average concentration in deep lysimeters of sprayed areas . 
the groundwater samples was 2.3 mg/1, which is well below the public 
drinking water standard of 10 mg/1 of nitrate-nitrogen. Ammonium-
nitrogen was held very well by the plant and soil system, with a removal 
of 86.9 percent. 
Calcium, magnesium, sodium, and potassium varied in the amounts 
removed from the effluent 48.4 percent for sodium, 60.9 percent for 
magnesium, 68.7 percent for calcium, and 81.6 percent for potassium. 
Others (18, 19) reported greater losses of these elements, but they also 
reported greater concentrations of each element in their effluents. The 
concentration of sodium reached as high as 40 mg/1 in the groundwater, 
but this is still well below public drinking water standards. 
CONCLUSIONS 
1) The spraying of sewage effluent has had many effects on the organic 
matter and soils of a hardwood forested area. 
a. Exchangeable calcium, magnesium, potassium, and sodium con-
centrations were significantly greater in sprayed groups than in 
unsprayed groups for 0-20 em soil samples and the organic pad 
samples. 
b. There were no increases in the concentrations of nitrate-nitrogen, 
ammonium-nitrogen, and total nitrogen in the organic pad and 
soils of sprayed groups in comparison with near-sprayed and un-
sprayed groups: 
c. Available phosphorus, pH, and percent base saturation were sig-
nificantly greater in sprayed groups than in unsprayed groups for 
the 0-20 em soil samples and the organic pad samples. 
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d. Total calcium, magnesium, sodium, phosphorus, and manganese 
were significantly increased and total potassium significantly de-
creased in the organic pad when sprayed groups were compared 
with unsprayed. 
e. The C:N ratio was numerically decreased in sprayed group when 
compared with unsprayed and near-sprayed group indicating a 
slight increase in the decomposition rate of the organic pad; this 
loss, however, did not change the percentage of organic matter in 
the sop at any depth. 
2) In sugar maple foliage the percentage of nitrogen, calcium, magnesium, 
and phosphorus significantly increased and manganese significantly 
decreased in the sprayed group in comparison with the unsprayed 
group. Total sodium and potassium in the foliage indicated no dif-
ferences between groups. 
3) The percent removal of elements in the effluent ranged from 48.4 per-
cent for sodium to 98.1 percent for phosphorus. Nitrate-nitrogen 
removal was 68.1 percent, with the average level measured in the 
groundwater of sprayed areas being 2.30 mg/1, well below the 
public drinking water standard of 10 mg/1. 
4) The concentrations of all elements measured in the lysimeter samples 
were greater in the sprayed group than in the unsprayed. There was 
also evidence of lateral movement of all elements detected by the 
near-sprayed lysimeters. 
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